Introduction
Pregnancy is associated with changes in both the volume [10] and composition [2] of fluid in body water compartments. During normal pregnancy, there is an increase in fluid volume in the intravascular [5, 6] and the extravascular compartments [7] . The mechanism of water retention in the extravascular compartment, of about two liters, [3] is not fully understood. The forces which regulate movement across capillary membrane were first elucidated by STARLING [8] . The direction of flow of fluid between vascular and interstitial spaces depends on the balance of forces due to: (I) Capillary hydrostatic pressure, (II) concentration of serum proteins (oncotic pressure), (III) tissue tension, and (IV) lymph flow. Thus increased fluid passage into the extravascular space may occur during pregnancy when the intra-capillary hydrostatic pressure exceeds the opposing influence of plasma colloid osmotic pressure (COP). Studies by ROBERTSON et al. [7] suggest that the development of edema while not related to fall in total osmolality, is related to the degree of the fall in COP during pregnancy. Direct measurements of COP are accurate and easily obtainable by a membrane osmometer. This approach should help to elucidate the forces governing fluid flux during pregnancy.
This study was undertaken to determine the changes in COP with gestational age that occur during normal pregnancy. of COP with hematocrit (HCT), serum total solid (STS), mean blood pressure (MBP), and MBP-COP gradient were also investigated.
Patients and methods

Patients
Normal pregnant women receiving prenatal care at the Los Angeles County-University of Southern California Medical Center and at the H. Claude 
Statistical analysis
The relationship of COP with gestational age, as well as its relationship with blood hematocrit (HCT), serum total solids (STS), mean blood pressure (MBP) and MBP-COP gradient (M-C) was studied using analysis of variance and correlation analysis. Mean blood pressure (MBP) was defined as the sum of diastolic blood pressure (DBF) and one-third the difference of systolic (SBP) and diastolic blood pressures [DBP + (1/3 (SBP-DBP)], and MBP-COP gradient is defined as the difference between MBP and COP. Since the two major forces which determine the flux of fluid between intra and extravascular spaces are hydrostatic pressure (BP) and COP, the gradient between MBP and COP provides an indication of the changes in the forces governing this flux. The step wise multiple regression analysis was performed to determine the degree of correlation of COP with these variables. The relationship of COP and gestational age was further examined by fitting higher degree polynomials [2] . Analysis of covariance was used to test for statistical differences of the curves.
3 Results
3.1
The COP fell gradually during the first and second trimesters and reached its lowest level between the 30-40 weeks of gestation (Tab. I).
Thereafter it rose slightly with advancing gestational age. Analysis of variance showed that this pattern of change in COP during pregnancy was significant at P<.0001. The quadratic equation was found to be the best fit to the data describing the relationship of COP and gestational age ( • The numerator sum of squares for each F test is the sum of squares attributed to all orthogonal polynomials of higer degree (in this case, it is the second degree) and the denominator sum of squares is the residual sum of squares from the fit to the highest degree polynomial. The F test is performed in BMDP packaged program P5R. Indications of significance are the same as above.
linear relationship from a measure of goodness of fit of 15.6 % to 25.1 % (Tab. II). Higher degrees of regression polynomial were not found to provide significant gain in the goodness of fit. 3.2 The hematocrit and serum total solids similarly fell gradually during the first and second trimesters, and reached the lowest levels between 26-30 weeks of gestation respectively (Tab. I). Thereafter it rose with advancing gestational age. Analysis of variance showed that these changes in HCT and STS during pregnancy were also significant at P = .0026 and P = .0105 respectively. It is interesting to note in Tab. II that the quadratic curve was found to contribute significant gain to describe the relationship of HCT and GA and of STS and GA. (Fig. 2 presents the plot and the quadratic curve of STS with gestational age. 3.3 The mean blood pressure also fell gradually during the first and second trimesters and was lowest between 26-30 weeks of gestation. The changes were significant at P < .006. The gradient MBP and COP showed a somewhat irregular pattern in the early course of the pregnancy but showed a definite increase in r the gradient during the last trimester of the pregnancy (Tab. I). Both MBP and M-C gradient were found to be linearly related to gestational age and the quadratic curves did not add significant improvement to describe their relationships (Tab. II). COP and STS were found to be highly correlated (P< .01, Fig. 3 ). COP was found to be correlated with HCT and MBP only at marginal levels (correlation coefficient < 0.2). COP was strongly negatively correlated with M-C gradient (P<.001).
The stepwise multiple regression analysis of COP on GA, STS, HCT, MBP and M-C showed that STS was the most significant variable with GA, M-C gradient and MBP following in order. With the exclusion of HCT, the variables explained 100.0% of the variation of COP. 
Discussion
The role of colloid osmotic pressure in regulating fluid flux across capillary membrane is well recognized. The recent development of the electronic pressure transducer for direct measurement of COP has made serial measurements of COP readily available for clinical use, such as its uses as a guide to fluid selection when replacement is required, or for the early detection of pulmonary edema. Although pregnancy is known to be associated with fluid shifts between the intravascular and interstitial spaces [9, 10] , there is currently minimal data on the variation of COP during pregnancy. Plasma volume increases steadily during pregnancy, achieving its peak at 34 weeks then it plateaus until term [5, 6] . Some investigators found a decrease in plasma volume after 34-36 weeks of gestation [1] . However, this was probably due to impaired venous return from compression of the inferior vena cava by the gravid uterus, since these women were studied in the supine position. Pregnant women studied in the lateral position did not exhibit this terminal fall in plasma volume [6] .
Overall there is an increase in plasma volume during pregnancy [4, 10] . Although the results from the present study do not explain the rise in plasma volume during pregnancy, nevertheless, this increment in plasma volume may account, at least in part, for a fall in COP if there is no corresponding rise in colloids.
Red cell volume also increased progressively during pregnancy but to a lesser extent than plasma volume, leading to a fall in the hematocrit. This process is reflected in the fall in HCT during the first and second trimester in our women with normal pregnancy.
The COP is determined by the concentration of plasma proteins. Because of the cost and time involved in laboratory determination of serum proteins and albumin, they are less applicable for rapid clinical use than direct measurements of COP. STS is easily obtainable at bedside. Since the principal component of STS is albumin, changes in STS levels will reflect changes in serum albumin concentration. Our finding that STS fell during pregnancy to its lowest level at 30-34 weeks gestation and then rose toward term is in agreement with changes in serum albumin during pregnancy found in previous studies [4, 9] . The parallel changes of COP and STS during pregnancy are consistent with the finding that COP correlated positively with STS.
According to STARLING'S hypothesis, the net driving pressure (NDP) for fluid flux across the capillary membrane is the algebraic sum of opposing hydrostatic and colloid osmotic pressures across the capillaries. Thus the major component of the NDP (represented by the M-C gradient) with advancing gestation, would be expected to cause a greater shift of fluid out of the intravascular compartment leading to an expansion of the extravascular compartment. The balance between the M-C gradient and the opposing tissue tension will determine the extent of the extravascular fluid expansion. The fact that the present studies showed that M-C rose in the latter part of gestation suggests that one of the mechanisms involved in the expansion in extravascular fluid volume during this period [3, 7] may be related to this rise in the M-C. Although the forces determining the net flux of fluid between body water compartments will vary in different parts of the body; nevertheless the M-C do provide an indication of the overall direction of changes that may occur in the body. Further study of the changes in COP will help to elucidate alterations in body water found in pregnancies complicated by hypertension, toxemia and diabetes mellitus. Mots-cles: Gradient PSM-POC, pression osmotique collo'ide (POC), pression sanguine moyenne (PSM), proteines seriques totales (PST).
Bibliography
